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1） Stream functien equation．．．．．．．．．．．．．．．．．．．．．
2） 　Vorticity　equation．．．．．．．．．．．．．．．．．．．．．．◆．．．．
3） k一εequat　ions．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．
1） Surfa’ce boundary conditions．．．．．．．．．．．．．．．．．．
2） 　Bottom b◎undary　conditions．．．．．∵ ．．．．．．．．．．．
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Figure　3．8　　The　vertical　distributions　of　undertow　velocity　vectors
and　horizontal　velocity　profiles　（solid　curves）　calculated　by　the　2－D
vertical　circulation　mOdel　in　comparison　with　the　experiments　of　stive
and　wind　（1985）．
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　　　　　Because　of　an　insuffieient　quantity　of　experimental　data　verification
is　not　possible，　hovever，　the　theoretical　curves　agree　resonably　wel　l　with
experimens．　　From　the　comparison　between　undertow　test　calculations　and
Stive　and　Wind°s　laboratory　exper　iment，　it　could　be　concluded　that　the
proposed　2－DV　nearshore　circulation　model　is　appl　icable　to　predict　the
undertow　in　the　whole　inner　region．　For　the　case　of　arbitrary　bathymetry，
the　2－DV　model　developed　in　this　study　is　more　applicable　than　the　previous
1－DV　mode1．
3．4　　Conclusions
　　　　The　2－D　vertical　nearshore　circulation　for　the　inner　region　was
proposed　using　a　simplified　two　layer　model，　i．e．，　the　surface　and　inner
layers．　The　results　of　this　study　are　summarized　as　follows．
　　　　　The　governing　equations　describing　the　mean　flow　motion　of　the　inner
region　were　establish6d　in　terms　of　the　vorticity　and　stream　functions　which
were　de・ived　fr・m　the　mass　and　m・mentum　equati・ns・While　the　gOvemi・g
equations　of　turbulent　motion　were　derived　based　on　the　k一εequation．　This
2－D　vertical　circulation　model　was　not　only　able　to　provide　the　vertical
di・t・ib・ti・n。f　und・・t・w　ve1。city　b・t　a1・・the　vect・・c。mp・nent・in　vertical
plane．　　In　the　calculation，　the　kinematic　boundary　condition，　the　dynamic
boundary　condition　and　the　wave　energy　dissipation　along　the　mean　water
level　were　determined　to　specify　the　stream　function，　the　vorticity　and
the　production　of　TKE，　respectively，　　To　formulate　the　required　boundary
conditions　for　the　dynamics　of　the　inner　region　along　mean　water　level，
the　method　developed　by　Madsen　and　Svendsen　（1979）　was　employed．　In　order
to　quantify　the　boundary　conditions，　the　variation　of　wave　height　and　wave
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set－up　were　first　calculated　using　Svendsen’s　（1984）　model．　In　which　the
wave　energy　dissipation　is　assutned　analogous　to　that　of　hydraulic　jump．
　　　　　In　performing　the　numerical　calculation，　the　confonmal　mapping　method
was　used　to　transform　the　coordinate　of　a　planar　beach　into　two　parallel
straight　lines．　　In　the　transformed　coordinates，　the　boundary　condition
for　the　stream　function　was　defined　as　the　shoreward　mass　transport　due　to
wave　evaluated　along　the　M．W．L．，while　for　the　vorticity　by　both　the　dynamic
and　kinematic　boundary　conditions．
　　　　　In　order　to　overcome　the　remaining　closure　problems，　two　factors　α
and　γ　were　proposed　based　on　the　assumption　that　turbulence　generated　by
breaking　waves　　eventually　diffuses　　into　　the　　entire　　inner　　layer，　and
considered　to　be　proportional　to　the　distance　from　the　surface　boundary．
Where　α　and　γ　were　used　to　relate　the　diffusion　term　of　TKE，　and　the
production　term　of　TKE，　to　the　turbulence　dissipation，　respe6tively．　They
could　be　justified　as　when　no　turbulence　diffusion　at　the　wall　boundary，
α＝0，　　the　　production　　term　　of　　TKE　　was　　equivalent　　to　　the　　turbulence
dissipation，　which　agreed　with　the　usual　boundary　condition．
　　　　　The　numerical　calculation　using　the　beach　slope　s　＝　1／40，　wave　period
T　　＝　　1．79　　sec　　and　　deep　　water　　steepness　　Ho／ILo　ニ　　O．032　　resulted　　in
dimensionless　var　iation　of　wave　celerity，　wave　heights，　and　mean　water
leve1．　These　results　agreed　reasonably　well　with　the　experiments　of　Hansen
and　Svendsen　（1979）．　Atest　calculation　of　the　mean　flow　in　the　inner　layer
was　performed　　using：　りt　assumption　of　Svendsen　　（1984），　third　　order
polynomial　funct　ions　of　the　undertow　at　both　side　of　boundaries，　and　the
slip　condition　for　undertow　on　the　bottom．　　The　undertow　test　calculation
in　the　relative　water　depth　range　of　h／hB　＝　0．88，　0．765　0．647，　0．53，　were
c㎝pared　to　to　the　results　of　Stive　and　Wind’s　laboratory　experiment．　From
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this　comparison，　the　applicability　of　the　present　model　in
predicting　the　undertew　appeared　to　have　been　justified．
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CHLArm　4CONCLUDING　REiピ亘題KS
　　　　Nearshore　circulation　such　as　rip　currents　and　undertow　are　of　great
importance　in　the　so　called　nearshore　dynamics．　Sediment　transport　in　the
nearshore　zone　is　a　co！nplex　three　dimensional　phenomenon　resulting　frol
the　combined　actions　of　both　waves　and　nearshore　currents．　　In　formulating
the　nearshore　sediment　transport　it　is　necessary　to　investigate　the　effects
of　bOth　horizontal　and　vertical　circulations　and　the　action　of　waves．
　　　　　In　this　3－D　nearshore　circulation　investigation，　the　horizontza1（2－DH）
and　vertica1（2－DV）　circulations　such　as　rip　current　and　undertow　in　the
nearshore　zone　are　independently　formulated．　Problems　which　had　previously
impeded　a　mathematical　solution　to　the　nearshore　eircultaion　were　solved
deriving　the　field　equations　of　rip　currents　both　in　the　shoaling　and　surf
zones．　　zones．　　Furthermore　a　new　formulat　ion　of　the　dynarnics　of　the
vertical　circulation　in　the　surf　zone　was　developed，　which　describes　the
vertical　flov　pattern　in　the　so－called　inner　region．
　　　　　In　Chapter　2，　the　rip　current　field　equations　are　formulated　using
the　expressions　of　wave　induced　nearshore　driving　forces，　which　are　derived
employing　the　MSE．　The　HSE　is　capable　of　expressing　both　wave　refract　ion
and　amplitude　decay．　By　introducing　the　wave－current　interaction　into　the
MSE，　and　employing　a　perturbation　method　with　a　scale　parameter　of　the　beach
slope，　a　set　of　rip　current　field　equations　was　mathematically　derived　for
both　the　shoaling　and　surf　zones．　　The　eigenvalues　for　the　rip　current
spacings　were　determined　by　the　matching　condition　at　the　breaking　point．
Furthermore，　the　integration　constant　for　the　solution　was　solved　using
the　wave　energy　flux　conservation　between　prebreaking　and　postbreaking
state．
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　　　　　The　rip　eurrent　spacings　were　then　expressed　in　terms　of　Dalrymple
and　Lozano°s　parameter　and　by　the　so－called　surf　similarity　parameter．
The　theoretieal　rip　current　spaeings　agreed　well　with　field　data　in　the
region　of　O。2く　ξB．　Compared　wiしh　laboratory　data，　however，　the　theoretical
spacings　were　about　half．　This　discrepancy　was　believed　to　exist　due　to
the　　influence　　of　　the　　littoral　　boundaries　　in　　the　　laboratory　　basins．
Therefore，　a　series　of　rip　eurrent　formation　experiment　were　performed　to
determine　the　littoral　boundary　influence．　A　theoretical　solution　of　the
rip　　currents，　which　　includes　　the　　l　ittoral　boundary　　effect，　was　　then
developed．　Consequently，　the　theoretical　curve　of　rip　spacings　agreed　well
with　the　experiments．
　　　　　Numerical　calculations　of　the　theoretical　rip　current　solutions　were
performed　in　order　to　display　velocity　profiles　along　the　center　line　of
the　rip　current　and　the　rip　current　circulation　patterns　at　the　scale　of
labOratory　and　field．　The　rip　currents　of　this　mathematical　solution　flowed
seaward　from　the　minimum　run－up　point，　attained　a　maximum　velocity　in　the
middle　of　the　surf　zone　and　gradually　decayed　seaward．　The　magnitude　of
rip　current　decreases　as　its　spacing　increases，　and　the　circulation　pattern
is　extended　seaward．　The　theoretical　velocities　of　rip　current　were　found
to　reasonably　compare　with　laboratory　and　field　measurements．
　　　　　In　Chapter　3，　the　2DV　model　for　the　nearshore　circulation　such　as
undertow　in　the　so－rcalled　inner　region　was　proposed　based　on　the　governing
equations　of　mass　and　momentums　as　well　as　the　so－called　k一ε　equations．
From　the　governing　equations　in　the　surface　layer，　the　kinematic　and　dynamic
boundary　conditions　for　the　inner　layer　were　derived．　　The　mathematical
model　consists　of　three　sub－model，　（1）　calculation　of　breaking　wave　height
variation，　（2）　calculation　of　mean　flow，　and　（3）　calculation　of　turbulent
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eddy　viscosity　field　in　terms　of　the　k一ε　equations．　These　three　sub－models
are　related　to　each　other　through　the　eddy　viscosity　and　nlean　flow　fields、
The　combined　kinematic　and　dynamic　bOundary　conditions　for　the　mean　flow
field　resulted　in　a　Dirichlet　boundary　value　problem　of　all　equations　to
be　so1ved　in　the　inner　layer．
　　　　　Fbr　numerical　calculation，　a　coordinaLe　transformation　technique　was
employed，　which　allows　the　use　of　realistic　bottom　and　surface　boundaries
as　wel　l　as　　the　　generation　　an　　effective　　grid　system．　　The　　numer－ical
calculation　method　was　presented　for　each　equatiOn，　and　the　Dennis－Chang
method　was　applied　to　solve　the　set　of　undertow　equations．　　Under　the
experimental　condition　of　Stive　and　Wind，　numerical　calculation　was
performed　for　the　set　of　equations　in　order　to　determine　the　applicability
of　the　2DV　circulation　（undertov）　model．　The　calculated　mean　flow　patterns
of　undertow　generally　agreed　with　experimental　results，　except　in　the
・i・i・ity・f　the　sea　P・d・Furth・・devel・pment・i・the　apPlicati・・。f．　th・
k一ε　equations　are　needed　before　improvements　in　near　bed　predictions　are
possible．
　　　　　Finally，　several　suggestion　are　made　toWards　the　development　of　future
nearshore　　circulation　　models．　　In　　the　　present　　horizontal　　nearshore
eirculation　mode1，　the　lateral　mixing　terms　in　the　governing　equations　were
not　introduced，　therefore，　the　calculated　circulation　patterns　extend
offshore　of　the　breaker　line　due　to　the　bottom　friction　effect　only．　　By
intrOducing　these　terms　effectively　into　　the　governing　equations，　the
nearshore　circulation　patterns　will　extend　more　offshore．　　It　is　however
noted　that　difficulty　in　the　formulation　of　rip　currents　may　exist　in　the
higher　order　partial　differential　equations．
　　　　　In　　the　　vertical　　nearshore　　circulation，　　as　　previously　　stated，
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improvement　of　the　proposed　2DV　model　is　required　by　applying　the　k一ε
equations　to　calculate　the　realistic　undertow　flov　patterns　in　the　vicinity
of　the　sea　bed．　Since　the　mathemat　ical　formulation　was　already　made　in
the　present　investigation，　such　improvement　will　be　made　in　the　near　future．
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